Physical biochemistry of a liposomal amphotericin B mixture used for patient treatment.
There seems little doubt now that intravenous liposomal amphotericin B can be a useful treatment modality for the management of immunocompromised patients with suspected or proven disseminated fungal infections. Interestingly, the very significant reduction in toxicity reported when amphotericin B is part of a bilayer membrane is closely tied to the physical characteristics of the liposomes involved, although these are poorly understood at the molecular level. We record here an examination by spectroscopy and freeze-etch electron microscopy of unsonicated amphotericin B multilamellar vesicles prepared along the lines that we and others have followed for samples used in clinical trials and preclinical in vivo or in vitro studies. Our study has focussed on liposomes of 7:3 dimyristoylphosphatidylcholine/dimyristoylphosphatidylglycerol (DMPC/DMPG) bearing 0-25 mol% amphotericin B, since this lipid mixture has been the choice for the first clinical trials. Phase transition behaviour of these liposomes was examined by electron paramagnetic resonance (EPR) spectroscopy of a nitroxide spin label partitioning into the bilayers. The same experiments were then performed on similarly prepared liposomes of the disaturated species, dipalmitoylphosphatidylcholine (DPPC), and the diunsaturated species, dielaidoylphosphatidylcholine (DEPC). Partial phase diagrams were constructed for each of the lipid/drug mixtures. Melting curves and derived phase diagrams showed evidence that amphotericin B is relatively immiscible with the solid phase of bilayer membranes. The phase diagram for DEPC/amphotericin B was very similar to that of DPPC/amphotericin B, and both exhibited less extensive temperature ranges of phase separation than did the 7:3 DMPC/DMPG mixture with amphotericin B. Between 25 and 37 degrees C the measured fluidity of the 7:3 DMPC/DMPG liposomes was similar to that of the (unsaturated fatty acid) DEPC liposomes, and considerably higher than that seen for (saturated fatty acid) DPPC liposomes. Preparations of 7:3 DMPC/DMPG, DPPC, and DEPC containing 0-25 mol% amphotericin B were examined by freeze-etch electron microscopy at 35 and 22 degrees C (to cover the temperature range of the mammalian body core and periphery). The same liposome features were present in all three liposome types studied. The appearance of individual liposomes at x 100,000 magnification reflected their molecular characteristics, which were found to be significantly heterogeneous within each batch. The lipid/drug structures were bilayer in nature, although liposomes showing considerable disruption were common, particularly at the highest drug concentrations.(ABSTRACT TRUNCATED AT 400 WORDS)